elaborate traps have been used by Williams (1958) incorporating a device to segregate the catch according to time of capture, and by Fichter (1941) whose trap contained preservative and excluded rain water. Here such modifications were unnecessary as it was convenient to visit traps daily or even more frequently.
Following observations by Walsh (1931 Walsh ( , 1933 , Kaufmann (1937) and others, experiments were made to determine whether baiting traps with carrion resulted in a marked increase in catch of Carabidae, in addition the effect on catch of the density of traps in a plot was investigated. Observations were also made on camouflaging traps in case diurnally active species might see and avoid them; white-painted traps were compared with black, and unpainted controls. In preliminary experiments it was found that neither baiting nor camouflaging traps caused variation in catches, and no trap-density effects were recorded. Therefore these topics were not pursued and the simple type of trap was retained, although they were rarely spaced with a distance between them of less than approximately 2 m, except in experiment II described here. Other work was carried out to determine the optimum position of the mouths of traps in different types of ground cover, and for different species of Carabidae. The simplest approach to this problem is comparison catches when a known number of Carabidae are confined within an area containing one or more traps of given types. However, in such experiments it was found that there was a decline in the incidence of marked Carabidae which had been introduced into galvanized metal strip enclosures, and with recaptures outside them, this showed that there was continual escape. Van der Drift (1951) also reported difficulty in enclosing Carabid populations. Instead information on the relation between the position of mouths of traps, and their catches of different Carabidae, and ground vegetation types, was obtained from two other experiments and some supplementary observations.
Experiment I
A plot of nine traps was laid out in a uniform area of grass heath whose composition is described in the second paper in this series (Greenslade 1964d ). The traps were of three types as shown in Fig. 1: A. The mouth of the jar level with the upper surface of the vegetation. B. The jar sunk in the ground with the lip level with the ground surface, within a cleared area of 60 cm diameter from which all vegetation had been removed.
C. The jar sunk in the ground but without a cleared area.
The traps were arranged in a Latin square of total size 5 5 x 5 5 m, and were operated for two periods in 1959: in the spring from 18 March until 17 May, and in the summer from 14 July until 25 August. In the spring trapping the ground cover consisted of dead vegetation from the previous growing season, mainly grasses, forming a mat 10-13 cm deep, with occasional tussocks. By the summer this mass of dead grass had been reduced to a depth of 6-9 cm and was bound together by fresh growth of grasses and ruderals, many of the latter having a rosette growth form. 
Experiment

Position of trap
In experiment I the plot was designed to avoid effects due to spatial trends in the density of Carabidae. As studies of Nebria brevicollis (F.) and Pterostichus madidus (F.) described in the following paper (Greenslade 1964d) show that these species commonly travel 10 m in a 24 h period, the possibility that there is systematic variation in catch in terms of the rows and columns of the plot need not be considered. There is, however, likely to be variation in catches due to the position of traps in relation to near-by grass tussocks and other minor irregularities of the ground surface, and it was these local differences that traps of type B were intended to overcome.
Type of trap
It is convenient to add the catches in a plot for each type of trap, and to test the significance of the differences between them by calculating x2. The total number of Carabidae taken in the three types of trap in the two experiments are compared in Table 1 .
Traps of type B consistently took larger numbers of Carabidae than the others although in experiment II the difference between B and C was not significant. It was noticed that the cleared areas around these, if kept clean, were not affected by seasonal changes in vegetation, or its wearing when the traps were visited frequently over a long period. In experiment I, in the spring observations, traps of type C were more efficient than A (X2 -13'33, P<0-001), while in the summer the situation was reversed, A showing significantly higher catches than C (X2 = 16-0, P<0 001). This suggests that in the spring some Carabid movement occurred within the tangle of vegetation, while in the summer the more compact mass of dead grasses permitted greater activity on its surface, and less between it and the soil. 
Type of Carabid
The Carabidae whose habits are known and which occurred in numbers in experiment I in the spring, can be divided into two groups: the larger ground-living, mainly predacious species (Davies 1959 As very small numbers were taken in traps A in this period comparison is restricted to B and C in Table 2 which shows that type B traps took significantly more of the Pterostichus species, while those associated with plants occurred equally in both kinds of trap. This indicates that the larger species were moving within and under the vegetation, and the cleared patches in B traps may have presented a larger catching area than the simple sunken traps of type C. Ibbotson (1958) recorded high catches of the Frit fly (Oscinella frit L.) on sticky traps in cleared areas of 1-5 m in diameter in oat fields which he attributed to klinokinetic movements due to abrupt temperature gradients at the periphery of the cleared circles. Here the higher catches of the Pterostichus species in B traps may result from rapid turning movements after entry into the unfavourable, or at least strange, environment of the cleared areas. In contrast the Bradycellus and Amara species move on or in the vegetation to a greater extent, and may tend not to leave it when encountering a cleared area.
The same comparison cannot be made for experiment I in the summer or for experiment II, as Amara and Bradycellus species were infrequent. But in the former other species occurred which are known to be phytophagous (Davies 1959) , and their distribution can be compared with that of Pterostichus madidus, the only abundant large predatory species which was active in the plot then. The phytophagous Carabidae fall into two groups, Harpalus rufipes, and H. affinis (Schrank), and Pterostichus melanarius (Ill.), all larger species which seem to feed to some extent on fallen plant seed (Briggs 1957; Davies 1959) , and the smaller species, Bradycellus harpalinus (a single specimen) and the more agile Calathusfuscipes (Gz.) and C. melanocephalus (L.). Catches of these groups are shown in Table 3 . Here again for the non-phytophagous Pterostichus madidus type B traps are the most efficient, while for the larger phytophagous species the distribution of the catch can be attributed to chance, suggesting that they move more within the vegetation. For the smaller species traps of type C are the most efficient and these can be regarded as moving mainly on the surface of the vegetation.
Here these trapping differences between types of Carabidae are attributed to the strata in which they are active within the ground vegetation, but whether or not this is correct, the point demonstrated is that, within one type of ground cover, different types and species of Carabidae are trapped at different rates in any given trap. Vegetation P. madidus formed a high proportion of the total catch throughout these experiments and the relative numbers in different traps are compared in Table 4 . In each case B type traps were most effective for this species. Their superiority was least marked, but still significant, in experiment II and this can be attributed to the sparser vegetation allowing more freedom of movement over the surface of the ground, so reducing the difference between the traps. In experiment I B traps took a lower proportion of the total catch in the summer observations, 470% as opposed to 760% in the spring.
As the differences between A and C are slight in both seasons, the data for this species in experiment I in Table 4 As observation showed no evidence for major changes in behaviour in P. madidus in the two seasons, the difference in the effectiveness of B type traps can be related to changes in the ground vegetation. It is suggested that in the summer compaction of the dead plant material and the effect of new growth reduced the amount of activity which was possible within and beneath it, and so also reduced the differences between the three trap types.
Other observations
Catches of Nebria brevicollis which comprised 72% of the Carabidae taken in the woodland transect traps, are shown in Fig. 2 , where they are plotted against litter depth. There is an inverse relation between the depth of the litter around a trap and its catch of N. brevicollis. Carabidae taken in quadrat samples in an arable field are compared with those occurring in pitfalls in the same area at the same time in Table 5 . In the table the Carabidae are grouped according to their daily periodicity of locomotor activity, where the plastic category distinguishes those which may be active in the day or night in response to variation in their environment, especially climatic factors (Greenslade 1963b) . The direct population counts in the quadrats show that diurnal and nocturnal species are present in similar numbers while in the pitfall traps the catch of nocturnal species is significantly higher than that of diurnal. If the plastic species are omitted the data can be treated as a 2 x2 contingency table: X12 = 1078, P<0-01.
DISCUSSION
The type of trap with a cleared area, B, was selected for further studies of Carabidae, as it consistently made higher catches, the only exception being Calathus species in experiment 1, and can be used in most sorts of ground cover; it was also noticed that in comparison with C, B traps were less frequently fouled by dead leaves and other debris. B traps also eliminate variation in catch due to grass tussocks and similar obstacles close to traps.
Other variation in pitfall catches, apart from that which the traps are commonly used to investigate, comes from two main sources, the type of Carabid, and the nature of the ground cover. Experiment I showed that the traps are selective in that different Carabidae are taken at different rates. It was suggested that this was due to various species and life-forms being active in different strata in thick grass heath. Kabacik (1957) found that Carabus arcensis Herbst moved only on or near the surface of leaf litter, while Pterostichus niger (Schall.) may be active both on and within it. If large Carabus and small Bembidion are at risk among traps for a given time, the larger species, travelling further, will tend to be trapped in higher numbers. While this is clear for an extreme example it also holds when species are compared which are apparently similar in size and activity as in Pterostichus madidus, P. melanarius and Calathusfuscipes in experiment I. In addition to this the daily time of activity of species affects trap catches. Van der Drift (1951) commented on the ability of diurnal Notiophilus species to evade capture by traps; they are small and often recover balance and escape when on the lip of a pitfall, but may also see and avoid traps. This is supported by the comparison of pitfall catches and direct counts of population densities in Table 5 , which shows that the diurnal Carabidae are under-represented in the former.
The less marked superiority of B traps over C in experiment II as compared with I implies that a sparse ground cover allows more movement over the surface. This is also noticed in the spring and summer trapping in experiment I when surface movement was easier on the compressed mat of vegetation in the summer. Although this variation in the efficiency of traps caused by differences in the physical characters of various types of grassland is slight, its presence implies that there will be a greater discrepancy between the proportions of populations of the same species trapped when more diverse types of ground cover are compared, for example a thin layer of leaf litter, and rank pasture. This is supported by the woodland transect which shows that catch varies inversely with the depth of the ground cover. In the small area of the transect the high catches near the track, where low litter depths were measured, cannot be attributed to a locally dense population of Nebria brevicollis, for hand collections did not show any concentration of individuals there; but the distribution of catches can be explained by the absence of litter allowing in places a greater freedom of movement, and hence a greater likelihood of any individual Carabid being trapped.
These observations demonstrate that pitfall trapping cannot properly be used for the quantitative assessment of the Carabid fauna of any habitat; nor should it be employed to compare the numbers of one species in different habitats. There are also indications that seasonal changes within a type of vegetation cover may affect the trapping of Carabidae. However, Fichter (1941) , discussing pitfall traps, states that they may be used to compare the 'composition of soil surface arthropod populations in two or more habitats'. But for quantitative work this is evidently untrue, especially if it embraces groups more diverse than a single family of Coleoptera. Boyd (1960) used pitfall traps to compare the surface active invertebrate fauna of grazed and ungrazed maritime grassland on the premise that 'pitfall catches probably give a fairly accurate indication of the surface activity of the soil fauna'. The comparison was between closely cropped grassland and an ungrazed sward which reached ankle depth, and while the results showed distinct qualitative differences in the fauna of the two areas, it is questionable whether any quantitative comparison is permissible.
Williams (1959a) used pitfall traps to measure the activity of ground-living invertebrates in different habitats interpreting the catches of traps as measures of the level of activity in their respective vegetation types. However, catch represents locomotor activity expressed as movement in a horizontal plane, and for any given energy outlay the amount of such movement will be greater in an essentially two-dimensional habitat, for example a thin layer of leaf litter, than in a three-dimensional one such as grassland.
After using pitfalls to investigate the Carabid fauna of arable land, Scherney (1960) concluded that Carabidae were associated with cultivation; the numbers taken in pitfall traps in different habitats were in the order wheatfields>barley>potatoes>clover>grass meadow>densely weed-covered waste ground. His conclusion may be valid, for the quadrat counts mentioned in the present work showed the highest Carabid density on arable land, but it is noticeable that the sequence of increasing Carabid abundance in traps, from a dense weed cover to cereal fields, is also a sequence of decreasing resistance to the passage of Carabidae over the ground surface.
These examples illustrate the fact that pitfall traps must be used with discretion, especially for comparative purposes. This does not affect their value as a sampling method in marking and recapture work, or for studies on life histories. In the latter case the chance of variation in catches due to seasonal changes in vegetation must be noted, and results from pitfalls are best combined with observations on larvae, and gonad dissections, as in studies on Calathus species (Gilbert 1956 ), and Pterostichus madidus (Greenslade 1964b ). They can be used also in comparing the fauna of different habitats in conjunction with marking and recapture or quadrat counts, and for investigating the distribution of one species in a single vegetation type.
Apart from these cases pitfall results are of limited value but three exceptions may be noted. In conjunction with hand collections they can be employed for the qualitative assessment of different Carabid faunas, especially when many species are restricted to one habitat or another, and they yield some information on the frequency of species; but it is desirable that observations should be made also on the distribution of larvae. If two vegetation types are sampled with pitfalls and a species is trapped in higher numbers in the one which presents the most resistance to Carabidae movement, for example in long grass when it is compared with a thin litter layer, it can be concluded that traps indicate the species' true distribution. Examples of pitfalls used in these ways are given by Greenslade (1964c) .
Finally in the second paper in this series (Greenslade 1964d ) it was found that where a plot of traps extended over more than one type of ground cover, two species might occur each associated with one type, usually being absent when the other was present. It was concluded that in inverse patterns of this kind, pitfall catches did show the true distributions of the species involved. SUMMARY Pitfall trapping is reviewed as a sampling method for Carabidae. Catches are determined primarily by the size of the population at risk and the level of locomotor activity but species may show differential susceptibility to trapping according to size, behaviour, and the strata in which they are active in the ground vegetation. Catches of a single species may vary in different types of ground cover depending on the resistance they present to horizontal movement. These observations severely restrict the number of cases in which it is permissible to make quantitative comparisons between the catches of different pitfall traps.
